The beneficial effects of ingesting long-chain polyunsaturated fatty acids of marine origin on a variety of conditions including inflammation and cardiovascular disease have been widely reported (e.g. Lands, 1986) , and fish-oil concentrates are commercially available for therapeutic use. However, such polyunsaturated fatty acids have a high susceptibility to peroxidation reactions, both in vitro and in vim. It is possible therefore that the body's antioxidant capacity could be exceeded if significant amounts are ingested without adequate increase in antioxidant intakes. Increasing the body's lipid peroxide load could, if significant, negate the beneficial effects of these polyunsaturated n-3 fatty acids, since lipid peroxides per se have been implicated in the aetiology of a variety of disease states (Yagi, 1087) .
Eleven healthy, male volunteers wcrc divided into two groups and asked to ingest 15 g/day of a fish oil concentrate, MaxEPA (Seven Seas Health Care Ltd, Hull) for a total of 8 weeks with one group receiving an extra 400 i.u. vitamin E/day for the first 4-week period and the other group for the second 4-week period in a standard cross-over design. Concentrations of plasma thiobarbituric acid reactive substances (TBARS), a widely used indicator of malondialdehyde formation and lipid peroxidation, were significantly increased ( P < 0.005) after 2 weeks supplementation in both groups, irrespective of their vitamin E intake and plasma vitamin E concentration. These increases in TBARS were not paralleled by changes in plasma creatine kinase or conjugated diene concentrations. The TBARS content of low-density Abbreviation used: TBARS, thiobarbituric acid reactive substances. 493 lipoproteins (LDL) also tended to increase after 2 weeks, unfortunately values for 4 weeks are not available. Surprisingly, the plasma TBARS concentration in both vitamin E plus and minus groups returned to baseline during the second week of fish-oil supplementation, again despite elevated vitamin E concentrations in the plasma of the vitamin E supplemented group. The pattern in the second 4 week supplementation period was similar to that found in the first period. These results indicate an apparent lack of correlation between plasma TBARS and vitamin E concentrations.
Whole-blood aggregation, initiated by 2 pg collagen/ml in a Chronolog aggregometer using the impedence mode, increased significantly ( P < 0.005) between 2 and 4 weeks of fish-oil supplementation without extra vitamin E when compared with baseline values, but decreased ( P < 0.05) during the same period if extra vitamin E was given. Although plasma TBARS appear to be independent of plasma vitamin E concentrations, the aggregation studies indicate a possible elevated requirement for dietary vitamin E to maintain blood rheology if large doses of fish-oil preparations are being ingested. Optimal levels of fish oil and antioxidant supplements, which maximize their beneficial effects on blood rheology and cardiovascular function, need to be determined. Different plant species show considerable variation in their tolerance of drought damage. The biochemical mechanisms underlying this variation are, however, poorly described. Increasing evidence suggests that many damaging environmental stresses have their effect, directly or indirectly, through the formation of activated oxygen following impairment of the electron transport system (Merzlyak & Kovrizhnikh, 1986; Thompson et al., 1987; Hendry et al., 1987 . The possibility that drought might give rise to activated oxygen formation is investigated here and the role of several radical defence mechanisms in drought tolerance is assessed in a broad range of plants.
Twenty-one-day-old wheat plants ( 7riticum uestivum L. cv. Sappo), grown on Rorison's nutrient solution were subjected t o progressive drought for 2 , 4 , 8 and 12 h on successive days. Nine European species of grass, from the Unit's gene bank, Festiica ovina L., Lolium pereririe L., I'ou unnua L., 1'. trivialis L., Arrhenatherum elutius L., Holcus lanatus L., Descharnpsia flexuosa L., Aira praecox L. and Phalaris arundinaceu L. were similarly treated. Enzyme activities and concentrations of lipid peroxides, (dehydro)ascorbate, aand 6-tocopherols and glutathione were determined from four to six replicates as previously described (Hendry & Brocklebank, 1985; Price & Hendry, 1987) . The superoxide radical anion was detected by e.s.r. using chloroplasts illuminated in the presence of 20 mM-Tiron and quantified against an illuminated riboflavin-Tiron standard.
Using wheat as a model, after 4 days of progressive drought all mature leaves showed gross effects of damage including necrotic lesions, loss of fresh weight, a rise in lipid peroxidation, loss of chlorophyll, at statistically significant levels. Such changes were accompanied by a 7-fold increase in iron with smaller increases in other transition metals. Chloroplasts prepared from plants subjected to drought, on illumination in the presence of the radical spin-trap Tiron, showed a 2-fold rise in the amplitude of the e.s.r. signal from 78 to 150 riboflavin equivalents. Tissue preparation and chloroplast isolation itself results in the artefactual formation of superoxide constituting perhaps the greater part of the 78 riboflavin equivalents of the controls not subjected to drought. These findings indicate that drought leads to production of the superoxide radical anion within the Vol. 17 BlOCHEMlCAL SOClETY TRANSACTlONS chloroplasts. As drought continues, there is a decline in cellular integrity, seen in the peroxidation of membranes with loss of control over the uptake of transition metals, particularly iron. The internal concentration of iron after 7 days of drought treatment reached an estimated 4.88 mM against 0.36 mM in the controls. Ferric ions in the presence of 0,-will generate the highly reactive hydroxyl radical. Against this pattern of drought-induced changes, evidence o f protective mechanisms, enzymic and radical scavengers, was sought which might explain the phenomenon of drought tolerance. To cover the wide range of tolerances exhibited by plants, ten species of grasses, including wheat, were examined. In broad outline, with several minor varients, the overall pattern to emerge was: (i) the effect of drought treatment was to increase the concentration of the radical scavenger a-tocopherol (per g fresh or dry weight) 1-3-fold in nine out of ten species; (ii) plants subjected to drought showed a 2-3-fold increase in total glutathione content in ten out of ten species; (iii) the activity of glutathione reductase (per mg of protein) was increased in all species, but rarely to statistically significant levels; (iv) the concentration of total ascorbate (with dchydroascorbate) decreased 2-20-fold in nine out of ten species (on a dry weight basis); ( v ) the activity of dehydroascorbate reductase was unchanged in six species with small increases in the remainder; (vi) drought-induced changes in superoxide dismutase and catalase activity (per mg of protein) were not statistically significant in eight o u t of ten species; and (vii) changes in peroxidase activity showed no clear pattern following drought.
The conclusion is that the most frequent response to drought was a significant increase in the Concentration of a-tocopherol (accompanied by an even larger increase in the precursor y-tocopherol), with a similar sized rise in the concentration of glutathione. The depletion of ascorbate was also a characteristic response to drought.
A correlation was sought between these responses at the biochemical level and the known ecological behaviour of the individual species. The strongest correlations were found by using an index of stress tolerance (the likelihood of a species being exposed t o or encountering stresses in the field). Highly significant correlations were observed between stress tolerance and tocopherol concentration, particularly y-tocopherol (Spearmans rank correlation coefficient, r, = 0.73 1 ) indicating that stress tolerant species have the capacity to accumulate large amounts of y-tocopherol the precursor of a-tocopherol. Species with a low tolerance of stress show a highly significant correlation with the capacity to accumulate glutathione ( r , = 0.949). There are then two extremes of response at the biochemical level: stress-tolerant species, following drought treatment, rapidly synthesize atocopherol (from y-tocopherol); species not tolerant of stress, on drought treatment accumulate substantial concentrations of glutathionc. The significance of glutathione rather than tocopherol may be that species with a low tolcrance of stress (i.e. from productive habitats) may depend on a nitrogen-rich antioxidant such as glutathione, while species with a high tolerance of stress (typically from mineral nutrient-deficient habitats) are defended through nonnitrogenous phenyl-terpenoid scavengers such as the tocopherols.
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Treatment of proteins with CU'+ and H,O, produces trichloroacetic acid-soluble peptide fragments, as measured by their reaction with the BCA reagent, which is specific for peptide bonds 14). crystallins. bovine serum albumin (BSA), ovalbumin, lyso-
